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Cross-Laminate of Oriented Films , Method of Manufacturing 
same, »nd Coextrusion Die suitable in the Process* 

Cross-laminates of oriented films from synthetic polymer 
materiel* have been commercially produced since 1968, then 
mainly as described in the inventor- *o patent 
GBP/792, 976 of May 23 , 1955. 

To the inventor*© knowledge the total annual worldwide 
production today amounts to about 30.000 tons* The cross- 
laminate is used in particular es industrial bags, oover- 
sheet, tarpaulins, pond- liners and similar products. 
The polymer materials used for these cross-laminates have 
mainly been and are mainly polyethylene and polypropylene of 
different typee, often modified by blending, and the old and 
present manufacturing processes comprise the steps of 
extruding a tube which by the draw-down mainly is oriented 
in its longitudinal direction, helically cutting thia tube 
to a web with its main direction of orientation on bias, and 
continouely laminating two or more such webs with their main 
directions of orientation criss-crossing. There can also be 
included in the laminate a film which mainly is oriented in 
its longitudinal direction. 

xn the first commercialized technology based on these 
principles , the extruded tubular film which mainly is 
meltoriented in its longitudinal direction is further cold 
Stretched in this direction prior to the helical cutting. In 
a later commercialized technology r disclosed e-g r in U.S. 
4*039.364 (Rasmus sen) each tubular film ie ooeartsruded, 
having a layer which mainly contributes to the tensile 
®tr©ngth in the laminate (hereinafter w th® main layer") and 
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at least one surface layer (hereinafter "the first bonding 
layer*) adapted to help In the bonding-together of the 
films, which at least partly takes place by pressure and 
heat. 

There ie elso coextruded special layers on the films which 
become exterior in the laminate* These special layers are 
adapted to modify the surface properties of tAe laminate, 
especially for Improved heatseallng. in this later 
technology the helical cutting takes place in direct 
succession to the ooextrueion without any coldatretchlng 
between, tout in a separate production line. However, further 
stretching ie carried out when the films have been brought 
together in a sandwich arrangement , bonded or not yet bonded 
to form a laminate. They then become biaxielly stretched at 
a relatively low temperature* 

The transverse component of this biaxial stretching takes 
place between grooved rollers. 

In U.S. patents 5.028.289 (Raamuseeh) and 5.626.944 
(Rasmussen) this stretching between grooved rollers has been 
further developed. 

Practical ways of carrying out the helical cutting are 
disclosed in. U.S. 5.248.365 (Rasmussen). This patent also 
mentions an alternative , namely that the tubular film can be 
supplied with a helically extending melt orientation while 
it ia drawn off from the coextrusion die, established by a 
relative rotation between the exit and the die, and 
subsequently the cutting may be straightly longitudinal or 
otherwise be under em angle to the main direction of 
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orientation. I* may even be adjusted to produce a web in 
which the main direction of the malt orientation will become 
perpendicular to the longitudinal direction of the web. 

For the sake of completeness it should also be mentioned 
that, in very early patents, there is also disclosed the 
possibility that longitudinally oriented polymer film 
material can be discontinbusly cross-webbed and bonded in a 
press. 

In a process which is entirely different from that 
eesoxibed above, cross -laminates of a very stiff character 
are mads for use in special, advanced products. They consist 
of polymera which in molten or part-molten state are fluid 
crystals, and which become oriented and cross -laminated 
already within the extrusion die by means of counter- 
rotating dieparte. However, this type of process and product 
is not a subject of the present invention. 

Going back to the other type of cross - lamina tes , which more 
has the oharaoter of commodities or technical products, they 
are especially characterised by high puncture strength and 
high tear propagation resistanos. The heateeal strength in a 
shear-type seal is adequate when a suitable lower melting 
polymer has been choosen for the surface layers of the 
laminate, while very special precautions must be taken if 
good ehock-heat-eeal strength is requested in peel-type 
heat-seals, as usually needed for industrial bags supplied 
with such heataeala. These precautions are disclosed in the 
inventor *s patent publications U.S. 5. 205.650 and 
TOO 93/23434. 
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ho mentioned abovv the cross -laminates can exhibit a 
particular high tear propagation resistance, however this is 
under the condition of a generally low bonding strength. Due 
to the unbalanced orientation in the individual film* and 
the criss-crossing of the main directions of the 
oriontation r one film will have a tendency to propagate the 
tear in one direction and another film will tend to 
propagate the tear in another direction- Thereby there will 
be a tendenay to eliminate the bonding at the location where 
the forces are concentrated,, and if thie tendency is 
sufficiently pronounoed, the tear will "fork out" under a 
local delamination, and the "notch effect" of the tearing 
will almost be eliminated. 

Hereby there will, generally speaking, be -competition" 
between the adhesive forces which try to withstand 
delamination, and the cohesive forces in each film which try 
to avoid a rupture or flow along any direction which is not 
parallel with the main direction of orientation. Theee 
adhesive forces are (still generally speaking) independent 
of the thickness Of the films, while the said cohesive 
forces are mainly proportional to the film thicknees, when 
all other parameters are unchanged* As a consequence of this 
•competition", "thin" cross laminates will either exhibit a 
relative poor tear propagation resistance or a relatively 
high tendency to delamination. This is much less of a 
problem for orosslaminates of "thick* layers- For bags this 
" competition" will usually not cause any problems since 
filled bag© are usually not subjected to delaminating 
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forces , which means that the bonding strength can be choosen 
vary lot*, but the matter is very important for tarpaulins, 
cover sheet and similar products which will be subjected to 
repeated fle*ing during use, e.g. will flap in the wind* As 
e metter of practical experience the inventor and his 
licensees have found that in a tarpaulin mede from a two- 
films cross laminate based on combinations of LLDFB- and 
HMWHDPB-types , each of the filns must be of a gauge of at 
least 45*50 grams per sguare meter, otherwise either the 
bonding strength or the tear propagation resistance will be 
unacceptable to the users. Theaa experiences concern 
tarpaulins for * static" uses where there will not occur much 
flapping in the wind. For "dynamic" uses such as cover over 
trucks or goods waggons, where the tarpaulin will be 
subjected to a strong , repeated flapping, the needsd gauge 
is much higher. 

One objective of the present invention la to solve this 
problem, so that high tear propagation resistance and an 
adequate bonding between the films can be achieved at the 
seme time and in a practical way, even in cros si emanates of 
a low gauge. 

In connection with the solution of the above mentioned 
problem, the inventor has constructed a circular coex tru a i on 
die capable of ooextruding, in a practical way, a circular 
array of strands on a tubular film, and this construction is 
also an abjective of tha present invention. 
In G3P 1,095,479 of March 3, 1964 (assigned to Metal 
Containers) the inventor suggested that the problem which 
he® be^tn identified ©toov©* can b® solved by strongly welding 
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the films to each other in apots or lines and weakly 
welding them together over the rest of the contacting 
surfaces (a strong bond/weak bond generally being 
better then - strong bond/no bond). This enables the tear to 
"fork-out" as described above in the weak-bond areas, while 
an overall delamination i« prevented by the strong-bond 
spots or lines. 

For the strong welding, the patent suggests heating, 
ultrasonic welding, application of a solvent (preferably hot 
vapour-) to dissolve a thin surface layer, or using quickly 
polymerizing monomer, ecting as strong binders. For the weak 
welding the patent suggests (using polyethylene 
erosslaminates as an example) to apply s gel of low 
molecular weight polyethylene or paraffin wax, which has 
been dissolved e.g. in toluero or xylene by heating and has 
formed gel by eooling. A thin layer of this gel including 
the solvent is selectively applied by printing technique 
before the strong welding is carried out by blowing vapours 
of toluene or xylene towards the film surfaces while they 
become united between rollers. 

Alternatively there is added minor amounts of a ©lip aoent 
to toluene or xylene, and this -contaminated" solvent is 
uaed in similar manner as the gel. 

The Danish Patent Application 1017/67 (B.I. du Pont ds 
Nemours and Company, Wilmington) published on February 24, 
1967 claims erosslaminates of films bonded- in spots or lines 
(which may be two arrays of lines forming a net pattern) 
whil® the rest of the contact ares is (quoting the main 
elaisa) "practically not bonded" . Thrs® methods of carrying 



out the bending in spot© or lines are disclosed. 
One consists in applying a cautohouc-like binder in the 
desired pattern* This application is said to take place by 
wellknown methods, but it is not further explained. 

A second method consists in treating the selected areas of 
a surface on one of the films with chlorine, followed by 
lamination under pressure at an elevated temperature below 
the melting point of the film material- 

A third method - which is described as being the preferable 
- is carried out by treating the selected areas of a film 
surface with a corona discharge r followed by lamination 
under pressure at an elevated temperature under the melting 
points of the film material . In this caae a roller formed 
electrode, connected to earth, is supplied with the desired 
pattern (which may be a net-pattern) so that the electrical 
discharge only taJces place in the space determined by this 
pattern. The matching film surface is corona treated over 
its entire area. It is indicated that this treatment 
requires an effect of 20 Watt per cm width if the velocitity 
la 0,5 mater per minute. 

In the above mentioned later patent U.S. 4*039.364 
(Rasmuesen) in which there is coextruded a surface layer on 
each erientod film ( "the first bonding layer" ) to enhance 
and control the bonding, e strong bond/weaK bond adhesion 
system is established by using different lamination 
temperatures at the different locations of the* laminate. 
Thus in example 1, there is first under use of coextrusion 
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and helical cutting wade 3 films with different directions 
of melt orientation and surface layers of EVA as a help for 
the lamination (in the foregoing called "the first 
lamination layer*). There is established a weak bonding 
simultaneous with transverse orientation, by raking a 
sandwich of the 3 differently oriented films 7 times through 
a set of intermeshing grooved rollers. The pitch of these 
rollers is 1,5 mm of which the width of the groove amount© 
to 1,0 ram and the width of the circular "tooth" to 0,5 ami. 
Between each passage through grooved rollers, the pleats 
formed in the film sandwich are straightened out. 

These stretching steps take plsoe at 20°C but still produce 
eome bonding (peel strength 10 grams per e«ee«e me**e) due 
to the intimate contact between the filma and the effect of 
stretching them together. After the 7 passages at 20°c the 
film is passed once through a similar set of grooved rollers 
with the same dimensions and intermeshing, but heated to 
120°C, whereby there is formed lines of strong bonding. 
Finally the laminate is longitudinally oriented. 
In BP O 099 222 (Mercer et el) o£ 04/07/83, orientation and 
oroselsmination In a spotwelded pattern is carried out as a 
unitary process in and immsdiately following a oirculer die 
with two counter rotating dieparts. Esch of these disparts 
produces a film supplied with en array of ribs, arranged so 
that the two arrays faoe each other. Due to the counter 
rotation, the melt orientation and the array of ribs become 
righthanded in and on one of the ribbed film, and lefthanded 
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in and on the other one. The two arrays of ribs ar 9 brought 
Xo W99 x each other at or immediately after the die exit, and 
bonding takes place only in the spots where the ribs 
intersect each other. The ribs keep the two Spotwelded films 
spaced apart from each other also in the final product. 
Heltorientetion with crisscrossing orientation takes place 
while the polymer materiel flows through the two counter 
rotating perte and by the blowing and longitudinal drawdown 
when the laminate ha. has left the exit of the die. There is 
no subsequent orientation process carried out. 
The process is not a ooexrruaion process- Th. films and The 
ribs consist of the asm* polymer material and come from the 
same extruder. 

to the knowledge of the inventor, none of the above 
mentioned methods of making strong bond/weak bond or strong 
bond/no bond adhesion patterns in cross laminates has ever 
been used for conmereial production although the principal, 
big advantage of such bonding" systems in crossiaminate. 
has been reoognxied for about 40 years. However, 
each of the proposed methods have serious drawbacks. The 
methods which make use of organic solvents for polyolef ins, 
especially in vapour form, are connected with health hazards 
unless very expensive machinery is used, not least because 
it is difficult to avoid traces of the solvent to remain in 
the final product. 

The proj>oaed eoronatreatment in a pattern, followed by 
lamination under pressure and heat but below the melting 
point of the polyaer material, is applicable only if the 
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production capacity ie vary low. In commercial production of 
orosslaminetea fo* commodity uees, such as e.g. tarpaulins 
and cover sheets, the lamination velocity must be about 60 
metres par minute or now and the width about ISO cm 
or more. Using the above mentioned information about power 
consumption, tha 60 m par min. and ISO cm will require 900 
kilowatt, whioh of course is not practically poseible. 
Neither is treatment with clorine in a pattern a process 
suited for industrial production on a big scale. 
The use of binders, epplied by printing technique from a 
dispersion or solution, requires a preceding very strong 
surface treatment, when tha polymer materiel is polyethylene 
or polypropylene, normally a very strong treatment by 
corona, and therefore this method is not economical either - 

A strong bond/weak bond or strong bond/no bona pattern 
achieved by different temperatures will inevitably create 
differential shrinkage if xhe pattern is a line pattarn 
(Including e net pattern), and this mokes the oroealaminate 
look untidy. Differential shrinkage can be avoided if the 
areas of atrong bonding are smell dots, but in this case tha 
produet gets e dotted look which is felt unpleasant. (The 
inventor have had samples of such "dotted" croesleminate 
tested by several customers of his licensees, and the 
reaction hae been negative due to the appearance). 
To this cornea that the apparatus needed for adequate heating 
in a spot pattern to a temperature not too hiffh and not too 
low is relatively complicated, when the velocity is nigh, 
that mean® th® laminate must follow hot spots on a heater 




over a long passage without any displacement of the laminate 
taking place in spit© of ite tendency to shrinkage* 
In the unitary croseleraination procaao with counter rotating 
dispart b it is, from the point of view of strangth, a 
drawback that filmforming and molecular orientation are so 
closely coupled together. This makes it virtually 
impossible to "taylormake" the properties for different 
purposes. Furthermore the inventor has found that a 
oroeslaminate which is entirely unbonded except in spots,, 
exhibits a relatively low yield point and high tendency to 
creep in the middle direction between the main directions of 
orientation in the two laminated films. 

The method according to the present invention concerns the 
manufacture of a orosslaminate comprising at least two 
neighbour films (A and B) each having a main layer, which is 
selected for high tensile strength r A and B being bonded to 
each other in a strong bond/weak bond or a strong bond/no 
bond pattern under use of coextruded bonding layers (which 
above have been referred to as "the first bonding layers*) 
from a polymer material different from the materiel from 
which the main layer is made, and the method is 
Oharacterisad in that in the coextrusicn process each of 
the said first bonding layers is made q discontinous layer 
cone is ting of an array of strands^ and in the lamination the 
array of strands on A are arranged to cross the array of 
strands on and while A and B are in contact with each 
other heat is applied generally evenly all over A and B and 
is adapted to mak© the strands on A strongly bond to the 
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strands on B in the spots where they intersect the latter 
but snake a weaker bonding or avoid bonding over the parts of 
the contacting surface© , which are devoid of any first 
bonding layer. 

The resultant product is defined in claim 1* 
In the ooextrusion process, A and/or B are preferably 
also supplied with a oontinoue surface layer (hereinafter 
the second bonding layer) which is coertruded on the main 
layer under the array of strands, whereby the composition of 
the second bonding layer is different from the compositions 
of the main layer end of the first bonding layer, and le 
selected to produce, during the lamination, bonding also at 
locations Which are devoid of any first bonding layer, bur a 
bonding of lower strength than th« bonding in the spots. 
The method according to the present invention and the 
product made by this msthod do not suffer from any of th« 
draw-backs mentioned above. The method is very suited for 
commercial manufacture of commodity products; there is of 
course not any health hazards involved; the extra costs 
compared to the lamination with an even bonding all over is 
negliehible; extrusion, stretching and laminating are in 
essence separate process steps ao that each can be 
optimised for the desired end use, the look of the product 
needs not suffer from the effects ©f differential shrinkage 
or a "dotted" apperance, and commonly used machinery for 
manufacture of crosslaminates can h& applied, only with 
inexpensive additions to existing coextrusion lines (as it 
shall be explained belcra) B 
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X vary important advantage of the method and the resulting 
croaslaminat© is that the pattern Of lamination comprises 
not only two, but three elements, provided the coaxtrusion 
apparatus comprises the mesne for extruding the mentioned 
-second bonding layer- (even when the coeXtrusion apparatus 
with said means are not always used to extrude this layer). 

These three elements in the pattern of lamination are: 

a) each spot where two strands of "first bonding layers" 
intersect each other, 

b) each little area in which both contacting wrfacaparts 
are 

devoid of any "first bonding layer", and 

e) the areas in which there is "first bonding layer" on one 
of the two oonteoting surfaces and no "first bonding layer- 
on the other one. 

a) and o) together form the net pattern. 

By adapting the bonding strength a), b) and o) differently 
for different uses, but using the same machinery, this 
bonding system ©an be very helpful for -teylormaking" of the 
croB m 1 aminats » 

Thus, as an example, there are certain taxpaulinlike uses 
where the gauge should be brought down n« much aa possible 
for oost reasons, tear propagation strength and ultimata 
tensile strength is of primary importance, yield tension is 
of relatively low importance, the eatetics unimportant, but 
the resistance to dolsmination must be very high due to 
flapping in the wind. In that oaBa a strong bond/no bond 
pattern is pr®£erabl®, and tha coestrusion of "second 
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bonding layer" is omitted. (The main component may be 
applied not only from it. own extruder and through its own 
ohannel system, but al.o from the extruder and through the 
channel system vhi C h otherwise is ueed for the "second 
bonding layer" ) . The bonding is established as a strong 
welding in the spots (a) where the strands intersect each 
other. 

ln otn «e cases there can be a need to establish a strong 
bonding not only in the spots (a) but also In the areas (c>, 
while there should be *on» bonding, but a pronouncedly weak 
bonding in the areas (b). 

This oan also be achieved by a suitable choise of polymer 
materials for the -first" and "second" bonding layer a (in 
this oe»M the -second bonding layer" must of course be 
applied). The combination of strong bonding in a net 
pattern, and some but weak bonding over the rest of the 
area is a very interesting pattern of lamination, usually 
better than strong epotwolding combined with weak bonding 
over the rest, in the last mentioned case an eocldentially 
•carted delamination will generally propagate over a wide 
area if the crosslaminate is repeatedly flexed, e.g. when it 
is flapping in the wind. The films will still be held 
together where they are spotwelded, but the rest will become 
^bonded and thereby loose the est sties and to some extent 
the yield strength end creep resistance. 

Unlike this, a weak bonding surrounded by strong bonding in 
net pattern, will not be allowed to propagate an accidentisl 
delamination in similar mannar. 

Mowevsr, it should be- mentioned that there also assist 
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applications in wWoh the best combination is: 

(a) : strong welding 

(b) : weaJc bonding 

(c) ; also weak bonding, but stronger than (b). 

Preferably each of the two films A and b should mainly 
consist of polyethylene or polypropylene, «v0, the main 
layer can advantageously consist of KDPE or LLOPB or a blend 
of the two r the eeoond bonding layer mainly of IXDfe but 
with adrttixturs of 5-25* of a copolymer of ethylene having a 
melting point or a melting range within the temperature 
interval 50-80 dagr* C, while the strands mainly can consist 
of a copolymer of ethylene having a melting point or a 
melting range within the temperature interval 50-lDO degr- C 
or a blend of euch copolymer and LLDPE containing at least 
25% of the said oopolymer. 

The distance from middle to aiddle of neighbour straixde in 
each array should normally be between 2 mm and 8 om, 
preferably no higher than 4 cm. and more preferably no 
higher than 2 am. 

The bonding strength in the spots (a) a© measured by peeling 
should normally be at least AO gram per cm and the 
bonding strength in areas (b) similarly determined at the 
highest 75*, but preferably no more than 50* of the bonding 
strength in (a>* 
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Unlike the crosfllaminate made with counterrotating dieparts 
and comprising erise-croasing arrays of ribs (mentioned 
Above in the section re. known art) the thickness increase 
in each of the films A and B at the locations where the 
•trends ore coextruded, should normally amount to at the 
highest 30% seen relative to the Immediate surrounding, 
preferably at the highest 20% and still mors preferably no 
more then 10%. 

The coextrusion of at least one of the films A or B is 
preferably carried out by means of a circular eoextrusion 
die, to form and draw-down a tubular film. Hereby the draw- 
down is adapted to produce a significant uniaxial or 
unbalanced biaxial maltorlentation with the main direction 
of orientation and the direction of the array of strands 
either extending along the longitudinal direction of the 
film or, by means of a relative rotation between tha exit of 
the die and means to take up the film after the extrusion is 
brought to extend helioelly along the tubular film. 
Subsequently the film ±e cut open under an angle to the main 
direction of orientation ana to the direction of the array. 
However, it is also within the scope of the invention to 
extrude both films A and B from a flat die ana oross-web the 
films under use of a hot press, preferably after 
longitudinal cold- stretching of both. 
The erosslaminats of the present invention is not 
neceesarely limited to the two films A and B, but can 
comprise 3 or mora layers. Thus as an advantageous 
construction, it may comprise two pairs of array-bonded 
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films A and B, aspscially in the srrsngament A-8-A in which 
B hae on both of its surfaces an array of strands, i.e. a 
"first bonding layer" and preferably also a "second bonding 
layer" - 

In another suitable arrangement comprising more than two 
films A and B there is additionally applied at least one 
mora film in the lamination. Said film is also produced by 
coextrusien and is thereby provided with a surface layer of 
a composition adapted to control its bonding in the 
laminate. This composition and the lamination conditions are 
Ohoossn such that the strength of this bonding becomes 
higher than the bonding strength between A and B at the 
locations which are devoid of the coextruded strands. Thus a 
delaraaination of the additional film is counteracted. 
The surfaces of the laminate should preferably each consist 
of a layer adapted to improve the heateeling properties of 
the laminate and/or increase its frictional properties. Such 
layers ere coextruded in the films used aa outer films in 
the laminate. 

Normally the molecular orientation in each film A and B, 
which may be uniaxial or unbalanced biaxial orientation, 
should not he limited to that achieved in connection with 
the extrusion. There may be carried out a further 
longitudinal stretching prior to tha helical cutting. 
Alternatively or supplementary, the films may be further 
oriented by stretching in the longitudinal and/or in the 
transverse direction following the bringing-together of the 
films in a sandwich arrangement for lamination. This may 
take place after the haatborvding of said sandwich 




arrangement to a laminate. 

In the foregoing it was stated that commonly used machinery 
for manufacture of croasleminates can be applied, only with 
inexpensive additions to existing coextrusion lines. This 
concerns the coextrusion of the array of strands, the 
disoountinoue " first bonding layer". The inventor has found 
that this can be done by adding special but rather simple 
and cheap machineparts at the exit of almost any existing 
design of coextrusion dies* of course thmre is also need for 
one wore extruder „ but the strands will normally occupy only 
about 2-5% of each of the extruded films , and therefore this 
can be a small and inexpensive extruder. 

The extrusion die according to the invention is a circular 
extrusion die comprising a distribution part in which at 
l»aat a first molten polymer material can be formed into a 
generally even circular flow, and bodily separate from this 
an exit part comprising a circular main channel with 
generally cylindrical or conical walls, which channel may 
comprise a flat zone, to conduct said molten polymer 
material towards an exit orifice from which it will 
leave the die as a tubular film struoture. The special 
features of the invention is that said exit part also 
comprises a channel system for circumferential extrusion of 
a circular array of narrow strands of a second molten 
polymer material, this channel system ending in a circular 
row of internal orifices in the outward generally 
cylindrical or conical wall of the main channel. 
In a prefered embodiment , the circumferential extrusion 
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b torts at one or a few Inlets to the exit part an* comprises 
for equal dividing a labyrintine channel system starting at 
oach inlet/ each such system comprising at least thraa 
ona/inal-branohings - 

The term "labyrintine dividing" was introduced in US Patent 
4,403,934 and means a dividing o£ flows in whieh one divides 
into two branches of equal length, each of these again into 
two of eousl length etc. , all branches mainly being circular 
and parallel to each other. This is shown in fig. 4. 
In order to mehe a particular short distance between the 
internal orifices, the channels of the labyrintine system 
or syfl-eems nay terminate in a common circular channel having 
a wall common with a part of tne generally cylindrical or 
conical wall of the main channel. The circular row of 
internal orifiees is located in said wallpart. 
This coeastrusion die has been concceived with a view to the 
manufacture of the croselaminate as means to achieve strong 
bond/weak bond or strong bond/no bond lamination patterns, 
and for this purpose there is normally a need for a 
eontinoua "second bonding layer". Therefore, there is 
preferably in addition to the means for eoextruding the said 
first and second molten polymer materials, provided means 
for eoextruding a circular flow of a third molten polymer 
material on the side of the first material which is opposite 
the second material, channel arrangements for joining the 
flows of first and third material© are provided either in 
the said distribution part, or in a part between the latter 
and the bodily separate ®«it part. 
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In the die, The circumference of the inward wall, at the exit 
is preferably at least 20 cm, and the distance from middle 
to middle of neighbour orifices in the circular row i« 
adapted to produce, after the magnification or reduction 
which will happen if the walls of the main channel are 
generally conical, a distance from middle to middle of 
neighbours of the strands which is at the highest 8 can, 
preferably no higher than a cm and more preferably no higher 
■than 2 cm. 

The die can also advantageously be applied in the production 
of polymer rilm other than crosslaminatos , e.g. film wi-ch a 
decorative pattern of coloured etripee- Beaid.s the above 
mentioned economical advantage, namely that existing die 
designs can be ueed with addition of oneap dieparts and a 
email extruder, it is also an advantage thai: the route of 
flow from extruder to die exit becomes shortest possible 
when the inlet to the die and the entire distribution system 
is near the exit from the die, whereby degradation of the 
polymer beet possible can be avoided. 

For the sake of completeness it should be added that the 
array of strands in the ooextruded films and B for the 
described cross laminate, of course also oan be formed from a 
flow which passes through the entirw distribution part of a 
ooextrusion die parallel with the other flows, but then 
there can be a riSK Of degradation einoa these strands as 
mentioned above usually only will constitute about 2-5% of 
each film. 




The invention shall now be further described with reference 
to the drawings, of which: 

Fig. 1 is a view on a true scale of the interphase between 
the two coextruded, oriented, helical cut and cross- 
5 laminated films (A and B) , each normally but not always 
with a thin continuous layer for weak bonding and on top of 
this layer, a thin discontinuous layer in form of an array 
of stands for strong bonding, so that three different 
elements of bonding (a, b and c) is established generally 

10 with different bonding strength in each element. 

Fig. 2 is a schematic perspective drawing of a coextrusion 
line for manufacture of tubular film suitable, after 
helical cutting, for making the cross -laminate shown iri 
Fig. 1. The flow of polymer material for the strands comes 

15 from a very small extruder (4) , and flows of three other 
polymer materials (for main layer, continuous bonding 
layer, and layer for surface of the laminate) come from the 
bigger extruders (5) , (6) and (7) . The last mentioned 
three materials are fed into the distribution part (8) of 

20 the coextrusion die and are here each formed into a 
circular flow. Joining of these flows takes place at the 
exit from (8) while they enter the bodily separate exit 
part (9) . The" fiow from the small extruder (4) is "fed 
directly into exit part (9) where, starting from the 

25 circumference, it becomes evenly distributed in a 
labyrinthine channel system as shown in Fig. 4, and applied 
through a circular array of internal orifices on the 
outside of the tubular joint flow of the other components. 
Fig. 3 is an axial section, shown on a scale about half of 

3 0 true scale, of the bodily separate exit part (9) , which 
consists of the sub-parts (9a), (9b), (9c), (9d) and (9e). 
The section goes through the line x-x in fig. 4 (10) are 
channels in the labyrinthine system 

Fig 3a is a detail from fig- 3 showing the last branch in 
35 the labyrinthine channel system and one of 64 internal 
orifices (11) through which the flows of strand- forming 
material join the tubular flow (12) of the three other 



coextruded materials. This detail is drawn on a scale 
about six times true scale. 

Fig. 4 is a perspective view of sub-part (9a) , showing the 
lower half part of the labyrinthine channel system (10) , by 
which one flow of the strand- forming material from extruder 
(4) , fed through the inlet (13) stepwise is divided into 64 
equal part -flows through the channels (10) ,• each extruded 
separately through an internal orifice (11) . The upper half 
part of the labyrinthine channel system, which is in sub- 
part (9b) is exactly symmetrical with that in fig. 4. 
In fig. 1 the longitudinal direction of the cross -laminated 
web is shown with the arrow (1) . The main direction of 
orientation, which may be a uniaxial orientation or an 
unbalanced biaxial orientation, is shown by the arrow (2) 
for one film, and the arrow (3) for the other film. They 
are each shown under an angle of about 60° to the 
longitudinal direction (1) . This is what the inventor 
generally has found best for tarpaulins and cover sheet, 
while angles near 30° generally have been found best for 
cross -laminates used to make bags. The angle 45° was only 
found preferable in a few cases. 

For each film the main direction of orientation is shown 
almost but not quite parallel with the array of strands in 
the film. If the tubular film, when leaving the extrusion 
die, has been drawn-down straight, and if it has not been 
stretched after the helical cutting, the main direction of 
orientation will be exactly parallel with the array, but if 
the tubular film has been screwed during the drawn-down, to 
produce a helical melt-orientation, or if it has been 
uniaxially or biaxially oriented after the helical cutting, 
as in the above-mentioned US 4,039,364 (Rasmussen) , the 
main direction of orientation will not be quite parallel 
with the array. 

in the spots (a) where one array crosses the other one, 
there is established a strong spot welding. It should 
normally be so strong that the laminate will rupture around 
these spots if delamination is tried. 



If there is not coextruded a continuous bonding layer (in 
the claims called ("the second bonding layer") between the 
strands and the main layer, there will only be bonding in 
the spots (a) , but as mentioned this, will be a very strong 
bonding. As it has been explained in the general 
description, this simple bonding system is preferable in 
some cases. However, the coextrusion die should always 
comprise a channel system for "the second bonding layer" so 
that is use is not limited to the said cases. 
Most normally there should be coextruded a "second bonding 
layer" in each film between "main layer" and the array of 
strands. In the areas marked (b) thee is direct adhesive 
connection between the "second bonding layers" in the two 
films, and by the choice of material composition and 
laminating temperature there is established a 
predetermined, well controlled weak bonding here, 
in the areas (c) the stands on one film are adhesively 
connected with "second bonding layer" on the other film. 
Thus the bonding strength in areas (c) gets a value 
somewhere between those in (a) and those in (b) . There is 
a wide choice between these three values, and the adhesives 
system can so to say be "taylor made" for the intended use 
of the cross -laminate. 

With relatively thin film it is possible to make the 
bonding in the (c) areas so strong that it cannot be 
eliminated without rupture of the material, even when the 
bonding in the (b) areas is made particularly weak. Hereby 
these areas of weak bonding are fully "encased" in areas of 
strong bonding. The advantages of this for certain uses 
are explained in the general description. In other cases, 
it can be preferable, still while making the bonding in the 
(b) areas very weak, to give the bonding in the (c) areas 
a suitable "in-between" value which allows delamination 
during tear propagation, but exerts so high resistance 
against this delamination, that tear energy is absorbed and 
rupture around the (a) spots is prevented. 
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Figs. 2, 3, 3a and 4 have already been sufficiently 
described for a principal understanding, but the following 
should be added: 

(14) shows different rows of bores for bolts or screws to 
keep the parts strongly together. (15) in fig. 3 shows a 
shallow channel for drainage, as usual in the- die 
construction. In fact there should be a system of channels 
for drainage occupying most of the area between sub-part 
(9a) and (9b) , but for the sake of clarity only this 
channel is shown. With reference to fig. 3a the downstream 
side of the internal orifices (11) is given a shape which 
prevents damage of the axial flow, a damage which can occur 
if there had been a sharp edge on this side of - the 
orifices . 

It has been emphasised that there is an exit part (9) 
bodily separate from the distribution part (8) . As shown 
(9) will normally consist of several sub-parts. However, 
the shown sub-parts (9c) and (9e) can be constructed as one 
part. The centering of sub-part (9d) is made adjustable in 
order to compensate for thickness variations in the 
extruded tubular film (15) . 

While the distribution of the flow from extruder (4) here 
is shown as a labyrinthine system, which is considered 
preferable, it can also be other known circumf erentially 
fed circular distribution systems. 

In fig. 4 each of the final 64 branches of the labyrinthine 
system ends in an internal orifice which extrudes directly 
into the axial tubular stream. However it is not practical 
to divide into more than 64 branches, and if a bigger 
number of strands is wanted, each final branch may open 
into a common ring- formed channel close to the channel (12) 
for the axial flow. From this ring- formed channel there 
can be the desired big number of openings into channel 
(12) . 
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Example 

The procedure is the same as in US 5, 028,289 (Rasmussen) 
example 3 except for the following: 

The coextrusion line is constructed as shown in figs. 2, 3, 
5 3a and 4, and there are coextruded strands consisting of a 
metallocene (catalysed) copolymer of ethylene and octlene 
having melting range 50-60°C and melt flow index 1.0. 
The layer which in said US patent is called "lamination 
layer" and here "2nd bonding layer" is a blend of 90% LLDPE 

10 and 10% of the low melting copolymer. The LLDPE has 
density 0.92g.ml and melt flow index 1.0. The "main layer" 
and the "heat seal layer" (for heat -sealing of the final 
cross -laminate) are the same as* in the said example 3. The 
"main layer" forms 75%, the "heat-seal layer" 15%, the "2nd 

15 bonding layer" 8%, and the strands 2% of the film. 

The angle of cutting is 57° 

The temperature for lamination, stretching processes, and 

2 0 final heat treatment are also different, namely: 

For pre-heating: 60°C 

For the transverse stretching between the special grooved 
rollers described in the said US patent and the first 
longitudinal stretching process: 35°C. 
25 For the following transverse and longitudinal stretching 
processes: 35°C. 

For the heat treatment which effects the final bonding: 
90°C. 

Like in the said example 3 the gauge of the final cross - 

3 0 laminate for identification below called I is about 

70gm~ 2 . This has the bonding pattern shown in fig. 1. 

A similar cross -laminate (called II) but without the 

strands, is manufactured for comparison. 

Furthermore there is manufactured a third laminate (called 
35 III) similarly to I, but without the strands and with 15% 
instead of the 10% metallocene copolymer in the "2nd 
bonding layer" . 



(I) exhibits the highest tear propagation resistance, (II) 
almost the same, and (III) a considerably lower tear- 
propagation resistance under shock- tearing unacceptable for 
tarpaulins. This property is evaluated by "hand- tearing" 
at a measured velocity between 5 - 7ms -1 ' by a team of 
people used to such testing and knowing the requirements of 
customers. To the knowledge of the inventor there does not 
exist any standardised test for tear-propagation- resistance 
which come close to the practical conditions of tearing. 

(I) , (II) and (III) are also cut into- 8cm wide bands which 
each are set up like a flag on a stick of diameter 25mm and 
cut so that it extends 25cm from the pole. It is then 
tested by an artificial wind of about 100 km per hr. (II) 
and (III) delaminated within a few minutes, while (I) 
withstood delamination, except at the edges, for the 2 hour 
period which the test lasted. 
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CIAIM8 

t. A erosslaminste comprising Mutually bonded 
polymer films of which at least two neighbour films (A and 
B) are uniaxially oriented, or unbalanced biaxlally 
oriented, A end B each being eoextruded films and each 
containing a layer consisting of a polymer material selected 
for mgh tensile strength (hereinafter the main layer) and a 
surface layer (hereinafter the first bonding layer), 
consisting of a polymer material different from the material 
from which the main layer is made and selected to produce or 
enhance the bonding between A and b, whereby the main 
direction of orientation in A crosses the main direction of 
orientation in B, and in which the bonding between a and B 
la strong in spots or lines, while there is no bonding or 
only a weak bonding between A and B over the rest of the 
contacting characteri sed in that each of the said 

eoextruded first bonding layers is a diecontinous layer 
consisting of an array of eoextruded thin strands, the array 
of strands on A crossing the array of strands on B, whereby 
A and B have become strongly bonded to each other in each 
spot where a strand on A intersects with a strand on B, 
while A and B are weaker bonded or not bonded over the parts 
of their contacting surfaces, which are devoid of any first 
bonding layer. 

2. A oroBslaminate according to claim 1, characterised 
in that the thickness increase in each of said films A and 
B at the locations where the strands are eoextruded amounts 
at the highssat to 30% seen relative to the immediate 
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Burrounding, preferably at *** Klflhwt 20* and S * 11L more 
preferably no more than lo%. 

3, a crosaiaminate according to claims 1 or 2 
ghjsregtgriagg in that: the distance from middle to middle of 
neignbour strands in «ach array is between 2 mm and 8 cm, 
preferably no higher than 4 cm, and more preferably no 
higher than 2 cm. 

4. A orosalaminate according to any of the preceding claims 
^^i-d in that at laaat one of the said films A and a 
contain* on it* aide contacting the other one, a covinous 
surface layer (hereinafter the second bonding layer) which 
is coe*truded on the main lay** under the array of strands, 
whereby the eaid second bonding layer coneiats of e polymer 
material different from those in the main layer end in the 
firat bonding layer, and ie selected to produce bonding alec 
at locations which are devoid of any first bonding layer, 
but a bonding of lower atrength than the bonding in the 
spots . 

5. A crosslaninate according to any of the preceding 

claims, ofi tej&ggd in that th- bonding strength in the 

spots as *eeeurea by peeling. *. at least /»0 gram per cm 
and the bonding strength in the parte of the contacting 
surface* which are davoid of any first bonding layer, 
aimilarly determined is at the highest 75%, and preferably 
no more than 50% of the bonding strength in the spots. 



6. 



orosalaminate according to claim 1, characterised in 



tnst it comprises two such pairs of array-bonded films A and 

B. 

7. a crosslaminate according to claim 6, pharacteriead i n 
tha1e OIM , film is common for two such sets, this film having 
an array of the said strands on both of its surfaces. 

8. A crosslaminata according to any of the preceding 
claims, rAjtracteri sad in that each of the said two films A 
and 5 mainly consists of polyethylene or polypropylene. 

o. A crosslaminate according to claim 4, c haracterised in 
that; in each of said films A and B the main layer consists 
of HDPB or ixdpb or a blend of the two, the second bonding 
layer mainly consists of LLDPE but: with admixture of 5-25* 
of a copolymer of ethylene having a melting point or a 
melting range within the temperature interval 50-80 degr. C, 
and the strands mainly consist of a copolymer of ethylene 
having a melting point or a melting range within the 
temperature interval 50-100 degr. C or a blend of such 
copolymer end LLDPB containing at laaet 25% of the said 
copolymer t 

10. A croaslaminate according to any of the preceding 
claims, eharactsrigad in that it comprises on ono or each 
of tne outer films of the laratoate, a surface layer which 
also la surface layer of the laminate and is adapted to 
enhance heatseollng of the laminate and/or increase its 
fx-ictional properties. 
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11. A method of manufacturing a crosslaminate comprising 
mutually bonded polymer films of which at least two 
neighbour films (A and B) each are formed by coeatruding 
in a flat or circular die a layer of a polymer material 
which is selected for high tensile strength (hereinafter tne 
main layer) and a layer (hereinafter the first bonding 
layer) from a different polymar material which is selected 
to produce or enhance the bonding between A and b in the 
lamination process, and in which A and B each is supplied 
with a uniaxial or unbalanced biaxial molecular orientation 
at any stage after the joining of the different materials in 
the coextrusion die and before the lamination, and prior to 
the lamination A and B are arranged in such a way that the 
main dir action of oriantation in A will cross the main 
direction of orientation in B„ and during the lamination the 
bonding between A and B ie established at least in part 
through heat, and is made strong in spots or lines but is 
made weaker or is avoided over the rest of the contacting 
surfaces, characterised in that in the coextrusion each of 
the said first bonding layers ie made a discontinous layar 
consisting of an array of strands and in the lamination the 
array of strands on A ara arranged to cross the array of 
strands on B, and the heat is applied generally evenly ell 
over A and B and is adapted to make the strands on A 
strongly bond to the strands on B in the spots where they 
intersect the latter but make a weaker bonding or avoid 
bonding over the parts of the contacting surfaces, which are 
devoid of any first bonding layer. 
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12 • A method aocording to claim 11, in which the 
ooratruslon of at least one of tha films A or B is carried 
out by means of a circular ooextrusion die, to form and 
draw-down a tubular film characterised in that the draw-down 
la adapted to produce a significant uniaxial or unbalanced 
biaxial meltoriantatian with the main dlraction of 
orientation and the direction of the array of strands either 
extending along the longitudinal direction of the film or, 
by means of a relative rotation between the exit of th* die 
and means to take up the film after the extrusion is made to 
extend helically along the tubular film, and subsequently 
the film is out open under an angle to the main direction of 
orientation and to the direction of the array/ 

13. A' method according to claims 11 and 12, char ac teri e ed 

, in that the distance from the middle to niddle of neighbour 
strands at the exit from the extruder ie at the highest 8 
cm, preferably no higher than 4 cm and more preferably no 
higher than 2 cm, and the circumferenca of tha tube at this 
exit la at least 20 cm. 

14. A method according to any of the claims 11-13, 
characterised in that in the coextrusion process, a and/ or B 
are also supplied with a continou© surface layer 
(hereinafter tha second bonding laysr) which is coextruded 
on the main layer under tha array of strands, whereby the 
said second bonding layer consists of a polymer material 
different from those in the main layer and in the fir at 
bonding layer, and is selected to produce, during the 
lamination* bonding els© at location© ^arhich are devoid of 
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any first bonding lwr, but a bonding of lower strength 
than the bonding in the spots. 

15. A method according to any of the claims 11-14, 
-^—^fed in that the described arrays of strands ere 
coextruded on both sides of A, and in the lamination process 
there ie applied a B-rilm on each side of A with the arrays 
of A on each side intersecting with arrays of a B-f ilm. 

16. A method according to claim 14 in which in addition to 
the films A and B there is applied at leaat one more film in 
the lamination, characterise d in that said film also is 
produced by coextrusion and thereby ie provided with a 
surface leyer of a composition adapted to control its 
bonding in the laminate, whereby thia composition and the 
lamination conditions are choosen such that tha atrength of 
this bonding becomes higher than the bonding strength 
between A and B at the locations which are devoid of the 
ooextruded strands . 

17. A method according to any of the claims 11-16, 
oh«r*cterie ea in that following the bringing-togethar of the 
films in a sandwich arrangement for lamination, before or 
after the bonding of said sandwich arrangement to a laminate 
by heat, the films are further oriented by stretching in the 
longitudinal and/or in the transverse direction. 

18. A circular extrusion die comprising a distribution part 
in which at least a first molten polymer material can be 
formed into a generally even oircular flow, and bodily 
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saparate from this an exit parr comprising a circular main 
channel with generally cylindrical or conical walla, which 
channel may oompriee a flat bom, to conduct said molten 
polymer materiel towards en exit orifice from which it will 
leave the die ae a tubular film structure, characterised in 

that said exit part also comprises a channel system for 
circumferential extrusion of a circular array of narrow 
» trends of a second molten polymer material, said channel 
system ending in a circular row of internal orifices in the 
outward generally, cylindrical or conical wall of the main 
channel. 

19. A circular extrusion die according to claim 18, 
characterised in that said circumferential extrusion starts 
at one or a few inlets to the exit part and comprises for 
equal dividing a labyrintine channel system starting at each 
inlet, eeoh such system comprising at least three channel - 
branchings , 

20. A circular extrudon die according to cleim 19, 
characterised in that the channels of the labyrintine system 
or systems terminate in a common circular channel having a 
wall common with a part of the generally cylindrical or 
conical wall of the main ohannel, the circular row of 
internal orifices being located in said wallpart. 

21. A circular extrusion die according to any o£ the claims 
1B-20, characterised in that the circumference of the inward 
wall at the exit is at least 20 cm, and the distance from 
middle to middle of neighbour orifices in tne circular ro» 
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io adapted to produce, after the magnification or reduction 
which will happen if the walls of the main channel are 
generally conical, a dietanoe from middle to middle of 
neighbours of the strands which is a* the high.** 8 cm, 
preferably no higher than 4 en and more preferably no higher 
than 2 cm. 

22. A circular extrusion die according to any of the claims 
18 to 21, in which additionally to the means for coextruding 
the said first and second molten polymer materials there are 
means for ooextruding a circular flow of a third molten 
polymer material on the side of the first metarlal which is 
opposite ths second material, characterised in that channel 
arrangements for joining the flows of firat and third 
materials are provided eithwr in the said distribution part, 
or in a part between the latter end th. bodily saparst. axit 
part. 

23. Any combination of apparatus which is suitable for 
carrying out the method according to any of the claims 11- 
17. 
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